The spatial linear instability of incompressible confluent wake/boundary layers is analyzed. The flow model
Formulation and Method of Solution

Stability Equation
The flow geometry considered is shown in Figure  1 .
The two-dimensional incompressible confluent wake/boundary layer is described in the Cartesian coordinate system, (x*,y*,z*). The instantaneous value of a flow variable, ¢*, is decomposed into a time-independent component denoted by the upper case and a fluctuation denoted by a prime. That is, u * (x*, y*, z*,t*) = u'* (x*, y*, z*,t*) + U * (y*) v * (x*, y*, z*, t*) = v" * (x*, y*, z*,t*)
(1) w * (x*, y*, z*,t*) = w" * (x*, y*, z*,t*) p * (x*,y*,z*,t*) = p'* (x*,y*,z*,t*) 
Equation (3) governs the mode shape of wavelike disturbances associated with the base profile in terms of the streamwise wavenumber, _, the wave frequency, o_ and the
Base Flow Velocity Profiles The flow model depicted in Figure  1 consists of two separate regions where flow shearing can occur. They are the region near the wall where the boundary layer develops and the region away from the wall where the wake generated by an upstream element is located. The Blasius velocity profile is used for the boundary layer. The wake profile is defined by
where a represents the wake velocity defect and h the wake height, or the distance between the wake and the wall. Equation (5) 
The matrix, 1:)4, is a lambda matrix of degree four 21 and can be expressed as a scalar polynomial with matrix coefficients,
With the inclusion of the boundary conditions, the matrices C's are square matrices of order 12 which represents the number of grid point in y. A linear companion matrix method has been used to linearize the lambda matrix. The resulting general eigenvalue problem becomes
where method. Theresults showthatthe global numerical solver usedin thecurrent studyis accurately capturing thewake andthe boundary layerinstabilities. In the following, the instabilitymodesassociated with the modelconfluent wake/boundary layer flowareexamined. The flow model usedin the present analysis is shown in Figure 1 . Figure 3 shows thespectrum ofthewave speed for themodel confluent wake/boundary layerflow with R_ =998 and co= 0.1122. The wake height, h, is 20, the width is 4.83, and the wake maximum velocity defect, a, is 0.6. For comparison, the wave speed spectrum for the Blasius boundary layer alone with the same R_ and co is also included. In addition to the boundary layer mode, two discrete unstable modes appear in the case of the confluent wake/boundary layer, which are identified as Wake Mode 1 and Wake Mode 2. Modes I and 2 correspond to the symmetric and the antisymmetric modes found in the linear stability of the wake flows, respectively. The presence of the wake above the boundary layer at this height apparently has no significant effects on the continuous part of the eigenvalue spectrum.
In the following, the discrete unstable modes in the confluent wake/boundary layer will be examined in details as they are linearly unstable and are likely to be physically observed. Figure 4 shows the neutral curve of the boundary layer mode with h = 7.14 and a = 0.6. The neutral curve for the Blasius boundary layer 22 is also included for comparison.
The presence of the wake has resulted in a significant decrease of the critical Reynolds number. The value is 445 for the present case, compared to 520 for the Blasius boundary layer. The neutral curve moves up slightly for all Reynolds numbers with more significant changes in the high frequency range near the critical point. As can be seen from Figure 5 , which shows the variation of the spatial growth rate, -o_ , with frequency for R_ =998, the neutral frequencies increase as the wake is brought closer to the wail. Figure 5 also shows that the maximum growth rate of the unstable boundary layer mode increases with the reduced distance between the wake and the wall.
To examine the effect of h on the boundary layer mode shape, the eigenfunctions for a frequency of co = 0.1122, which roughly corresponds to the most unstable frequency, are calculated and their real parts are presented in Figure 6 . The eigenfunctions have been normalized by their respective maximum amplitudes. The eigenfunction of the boundary layer mode decays faster away from the wall as the wakes become situated closer to the wall. The damping effect of the wake on the eigenfunction of the boundary layer mode is quite significant in the region above the wake. The velocity defect of the wake in the model problem is determined by the value of a, which also determines the shear strength for a constant wake width. Figure 7 shows the change in the growth rate of the co = 0.1122 boundary layer mode with the wake velocity defect and wake height. The growth rate for such a mode in the Blasius boundary layer, -0.0057, is indicated in the figure. Figure 7 shows that the amplifying effect of the reduced wake height on the growth rate of the boundary layer mode, as is discussed above, becomes more pronounced as the velocity defect of the wake increases. For example, when the value of h is about 6, there is an increase of 400% for the growth rate for a = 0.8, as compared to about 40% for ct = 0.2. It should be noted that the lowest value of the centerline velocity defect for a Gausian wake profile to exhibit absolute instability is 0.9466 .
In addition
to the boundary layer mode, the eigenvalue spectrum for the confluent wake/boundary layer, shown in Figure  3, Figure 7 , becomes more unstable as the wake is placed closer to the wall. Therefore, the reduced distance between the wall and the wake has an amplifying effect on the boundary layer mode, but a damping effect on the wake modes. A composite view of the growth rates of the various modes, as a function of a and h, is given in Figure 9 . For a range of value of a, the wake modes are more unstable than the boundary layer mode at all wake height. The wake modes become less unstable than the boundary layer mode for cases where wakes with small velocity defect are placed close to the wall, i.e., cases with low values of a and h. For cases with higher values of a, for example, 0.6 and 0.8, the spatial growth rates of the wake modes remain higher than that of the boundary layer mode even at the lowest wake height.
Figures 8 and 9 suggest that for low velocity defect, Mode 1 is more unstable than the antisymmetric Mode 2 for all the wake height. The trend is then reversed when the velocity defect increases. In Figure 10 Figure  I I for R e = 998 and for a = 0.4, 0.6, and 0.8. The unstable mode switching appears to have occurred only at low frequency range for a = 0.6 and 0.8. The frequencies for the most unstable waves for both Modes 1 and 2 decrease slightly as a increases.
The growth rate for the most unstable Mode 1 is higher than that of Mode 2 for all the a values tested. 
Concluding Remarks
A linear spatial viscous instability analysis for incompressible confluent wake/boundary layer flows has been performed.
The global numerical solution tool is validated by comparisons with available data. Two types of discrete unstable modes are identified, which are rooted, respectively, to the boundary layer and the wake parts of the flow model. It is found that the critical Reynolds number associated with the boundary layer mode is reduced by the presence of the wake. The presence of the wake above the boundary layer appears to have an amplifying effect on the growth rate of the boundary layer mode. It is also shown that such an amplifying effect intensifies with an increase of the wake velocity defect. The mode shape of the boundary layer mode also seems to diminish above the wake, indicating that the wake has a confining influence on the disturbances associated with the boundary layer mode. 
